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DESCRIPTION 

OSCILLATOR ARRAY, AND 
SYNCHRONIZATION METHOD OF THE SAME 

5 

Technical Field 

The present invention relates to an oscillator array for performing a 
microwave power transmission, as in a phased antenna array, and a 
synchronization method thereof. 

10 

Background Art 

A simplified oscillator array with a plurality of series -connected 
(arrayed) oscillators has heen suggested (e.g. refer to patent documents 1 to 3). 
In this case, it is expected to be a power transmission unit of a high efficiency 
15 without a distribution loss, and it is also possible to reduce a scale of the 
apparatus in the microwave power transmission. 

Patent document 1 : Japanese Patent Application Laid Open NO. 

2002- 299943 (Claim l) 

Patent document 2- Japanese Patent Application Laid Open NO. 
20 2003-133952 (Claim 1) 

Patent document 3: Japanese Patent Application Laid Open NO. 

2003- 258556 (Claim l) 

Disclosure of Invention 
25 Subject to be Solved by the Invention 

However, in order to array the plurality of oscillators, it is necessary 
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to stabilize the oscillating frequency of each oscillator, and also synchronize 
the plurality of oscillators. 

It is therefore an object of the present invention to provide an 
oscillator array and a synchronization method thereof, which can stabilize the 
5 oscillating frequency of each oscillator, and also synchronize the plurality of 
oscillators. 

Means for Solving the Subject 

An oscillator array of the present invention is provided with- a 
10 plurality of series-connected oscillators; and at least one band elimination 
filter which is disposed between respective adjacent two of the oscillators. 

A synchronization of the oscillator array of the present invention is a 
synchronization method of an oscillator array provided with: a plurality of 
series-connected oscillators; and at least one band elimination filter which is 
15 disposed between respective adjacent two of the oscillators, wherein signal 
generated from each of the oscillators is in phase with signal reflected by 
corresponding band elimination filter at elimination frequencies of the band 
filter, and is in opposite phase with signal leaked from corresponding band 
elimination filter, by which stable oscillation is performed, with oscillation 
20 frequency of the oscillator balanced with optimum frequency between natural 
frequency of the oscillator and the elimination frequencies of the band 
elimination filter, while the oscillators are synchronized by using the 
elimination frequencies as reference frequencies. 

25 Advantageous Effect of the Invention 

According to the present invention, in synchronizing an oscillator 
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array provided with: a plurality of series -connected oscillators; and at least 
one band elimination filter which is disposed between respective adjacent two 
of the oscillators, signals generated from the oscillators are in phase with 
signals reflected by the corresponding band elimination filters at the 
5 elimination frequencies of the band filters (i.e. a phase difference is 0 degree 
between the signals generated from the oscillators and the signals reflected). 
At the same time, they are in opposite phase with signals leaked from the 
corresponding band elimination filters (i.e. a phase difference is 180 degrees 
between the signals generated from the oscillators and the signals reflected). 

10 By this, stable oscillation can be performed, with the oscillation frequencies of 
the oscillators balanced with optimum frequencies between the natural 
frequencies of the oscillators and the elimination frequencies of the band 
elimination filters, while the oscillators can be synchronized by using the 
elimination frequencies as reference frequencies. 

15 Preferably, another band elimination filter is disposed between the 

oscillator and the band elimination filter, and a resistance is disposed 
between a ground point and a point between the band elimination filter and 
the another band elimination filter. 

20 Brief Description of Drawings 

[FIG. 1] FIG. 1 is a block diagram showing an oscillator array in a first 
embodiment of the present invention. 

[FIG. 2] FIG. 2 is a conceptual view showing an oscillator array in a second 
embodiment of the present invention. 
25 [FIG. 3] FIG. 3 is a diagram showing the measurement result of the 
oscillation condition of a conventional oscillator array. 
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[FIG. 4] FIG. 4 is a diagram showing the measurement result of the 
oscillation condition of the oscillator array of the present invention. 
DFTG. 5] FIG. 5 is a diagram showing another measurement result of the 
oscillation condition of the oscillator array of the present invention. 

5 

Description of Reference Codes 
M, 1-2, I n oscillator (OSC) 
2-1, 2-2, 2-n antenna 
31, 3-2, 3n hand elimination filter (BEF) 
10 11 1, 11-2, 11-3, 11 4 open stub 

12- 1, 12-2, 12-3 port 

13- 1, 13-2 terminating resistance 

Best Mode for Carrying Out the Invention 
15 Embodiments of the oscillator array and the synchronization method 

thereof of the present invention will be explained in detail, with reference to 
the drawings. 

FIG. 1 is a conceptual view showing an oscillator array in a first 
embodiment of the present invention. This oscillator array is provided with- 
20 n series-connected oscillators (OSC) 11, 1-2, 1-n; antennas 21, 2 2, 2-n 
respectively connected to the oscillators 1-1, 1-2, 1-n; and band elimination 
filters (BEF) 3-1, 3-2, 3-n each of which is located between respective 
adjacent two of the oscillators 1-1, 1-2, 1-n. Incidentally n is a natural 
number of 2 or more. 

25 In the embodiment, the oscillator shall be a Colpitts oscillator, the 

antenna shall be a microstrip antenna, and the band elimination filter shall 



200 6$ mm mm mx?mm 

5 



NO. 1 543 P. 8/28 



be a stub, for example. 

The operation of the embodiment will be discussed. High-frequency 
signals outputted from the oscillators 1-1, 1-2, I n are transmitted to the 
band elimination filters 3-1, 3-2, 3-n adjacent to the oscillators 11, 1-2, 
5 1-n, respectively. The band elimination filters 31, 3-2, 3n reflect most of 
the high-frequency signals at their elimination frequencies, and return the 
most of the high-frequency signals to the oscillators 1-1, 1-2, I n as the 
output sources, respectively At this time, at each of the output terminals of 
the oscillators 1*1, 1-2, 1-n, there is a phase difference of 0 degree between 
10 the high-frequency signals outputted from the oscillators 11, 1-2, 1-n and 
the signals reflected by the band elimination filters 31, 3 2, 3-n, 
respectively. 

A small amount of the high-frequency signals transmitted to the band 
elimination filters 3-1, 3-2, 3-n, are leaked into the adjacent band 

15 elimination filters 3-1, 3-2, 3-n, or the like. At this time, at each of the 
output terminals of the oscillators 1-1, 1-2, 1-n, there is a phase difference 
of 180 degrees between the high-frequency signals outputted from the 
oscillators 1-1, 1-2, I n and the signals leaked into the respective band 
elimination filters 3-1, 3-2, 3-n, respectively 

20 According to the embodiment, in synchronizing the oscillator array, 

the signals generated from the oscillators 1-1, 1-2, 1-n are in phase with 
the signals reflected by the corresponding band elimination filters 3-1, 3-2, 
3-n, respectively , at the elimination frequencies of the band filters 3-1, 3-2, 
3-n (i.e. a phase difference is 0 degree between the signals generated from 
25 each of the oscillators 1-1, 1-2, 1-n and the reflected signals). At the same 
time, the signals generated from the oscillators 1-1, 1-2, 1-n are in opposite 
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phase with the signals leaked from the corresponding band elimination filters 
3-1, 3-2, ... B 3-n, respectively 6.e. a phase difference is 180 degrees between 
the signals generated from each of the oscillators 1-1, 1-2, I n and the 
reflected signals). As a result, stable oscillation can be performed, with the 
5 oscillation frequencies of the oscillators 1*1, 1-2, 1-n balanced with 
optimum frequencies between the natural frequencies of the oscillators and 
the elimination frequencies of the band elimination filters respectively, while 
the oscillators can be synchronized by using the elimination frequencies as 
reference frequencies. 
10 FIG. 2 is a conceptual view showing an oscillator array in a second 

embodiment of the present invention. In the embodiment, the band 
elimination filters shall be open stubs 11-1 to 11-4 using micro strip lines. 
NotiUustrated oscillators connected to not-illustrated antennas are 
connected to ports 12-1 to 12-3, respectively. There are provided terminating 
15 resistances 13-1 and 13-2. One end of each of the terminating resistances 
131 and 13-2 is connected to between the oscillators, and the other end of 
each of the terminating resistances 13- 1 and 13-2 is grounded. 

Explaining the embodiment in more detail between the ports 12- 1 and 
12-2, if the wavelength of a predetermined frequency is X , distance between 
20 the ports 12-1 and 12-2 is set to X , and the terminating resistance 13-1 is 
disposed in the middle of the ports 12- 1 and 12 2 for phase adjustment. 

The synchronization operation is as follows, in the case in which there 
are provided- the not-illustrated series-connected oscillators; the open stubs 
11-1 and 11-3 each of which is located between respective adjacent two of the 
25 oscillators; the other open stub 11-2 located between the not-illustrated 
oscillator and the open stub 11- 1; the other open stub 11-4 located between 
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the not-illustrated oscillator and the open stub 11-3; the terminating 
resistance 13" 1 located between the ground point and a point between the 
open stubs 11-1 and 11-2; and the terminating resistance 13 2 located 
between the ground point and a point between the open stubs 11-3 and 11-4. 
5 (l) Since the oscillating frequency of each oscillator and the 

e limin ation frequencies of the open stubs 11- 1 to 11-4 do not match completely, 
the oscillating frequency switches so as to balance between the both 
frequencies. 

(2) A slight leakage signal transmitted through the stub related to a 
10 difference between the oscillating frequency of each oscillator and the open 

stubs 11 1 to 114 is supplied to the adjacent oscillator. 

(3) The frequency and the phase of each oscillator are controlled by 
each other, due to the leakage signed. 

(4) The frequency transits to a point where the reflection amount of 
15 returning to the oscillator itself from the open stubs 11-1 to 11*4 and the 

amount of leaking into the adjacent oscillator are balanced, and is stabilized 
at the point. 

(4) The phase transits to a state in which the phase is reversed with 
respect to that of the adjacent oscillator. 
20 In particular, the signal of the oscillator itself is reflected by the open 

stubs 11-1 to 11-4, to thereby give positive feedback to the oscillator, so that it 
maintains a certain free-running oscillation condition. 

Now, the oscillation condition in the embodiment is explained in 
comparison with the oscillation condition of a conventional oscillator array, i.e. 
25 the oscillator array in which the open stubs 11-1 to 11-4 and the terminating 
resistances 13-1 and 13*2 are omitted in the oscillator array in FIG. 2. 
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FIG. 3 is a diagram showing the measurement result of the oscillation 
condition of the conventional oscillator array. FIG. 4 is a diagram showing 
the measurement result of the oscillation condition if the terminating 
resistances are 50 Q in the oscillator array in FIG. 2. FIG. 5 is a diagram 
5 showing the measurement result of the oscillation condition if the 
terminating resistances are 500 Q in the oscillator array in FIG. 2. 

FIG. 3 shows that it is not in the synchronization condition because 
there is no reflection of the signal outputted from each oscillator from the 
open stub, and the leakage from the open stub increases and the free-running 
10 oscillation is unstable, resulting in many image frequencies. 

In contrast, FIG. 4 shows that the synchronization condition is 
maintained in which the output is about lOdB larger than that in FIG_ 3. 
Moreover, FIG. 5 shows that the better synchronization condition is 
maintained because the leakage amount from the open stub increases more 
15 than in the case of FIG, 4. 

The above-mentioned first and second embodiments have the 
following advantages. 

(1) The oscillation frequencies of all the oscillators are determined on 
the basis of the line length between adjacent two of the oscillators and the 

20 characteristics of the band elimination filters, and they are synchronized as a 
whole, so that it is possible to easily synchronize the plurality of oscillators. 

(2) The promoting action of the free-running oscillation and the 
promoting action of synchronization by the oscillators are provided, so that it 
is possible to realize the synchronization mechanism mutually promoted by 

25 an individual oscillator. 

(3) The oscillation frequencies of all the oscillators are determined on 
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the basis of the line length between adjacent two of the oscillators and the 
characteristics of the band elimination filters, and all the oscillators operate 
and are synchronized to be balanced with the elimination frequencies of the 
band elimination filters without injecting a reference signal. Thus, it is 
5 possible to easily synchronize the plurality of oscillators without a need for an 
additional apparatus, such as a reference generator. 

(4) The promoting action of the free-running oscillation and the 
promoting action of synchronization by the oscillators are provided, and there 
is high frequency stability with respect to disturbance and a change in supply 
10 voltage. Thus, it is possible to easily realize the oscillator with high 
frequency stability, at low cost. 

The present invention is not limited to the above-mentioned 
embodiments, and various changes and modifications can be made. 

For example, in the above-mentioned first embodiment, it is possible 
15 to provide an arbitrary number of oscillators and set the number of the band 
elimination filters to the number reduced by 1 from the number of the 
oscillators. Moreover, in the above-mentioned second embodiment, it is 
possible to provide an arbitrary number of oscillators, and set the number of 
the band elimination filters to a double of the number reduced by 1 from the 
20 number of the oscillators, and set the number of the resistances to the 
number reduced by 1 from the number of the oscillators. 

Furthermore, an oscillator of an arbitrary type other than the Colpitts 
oscillator can be used as the oscillator. An antenna of an arbitrary type 
other than the microstrip antenna can be used as the antenna. A band 
25 elimination filter of an arbitrary type other than the (open) stub can be used 
as the band elimination filter. 
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Industrial Applicability 

The oscillator array and the synchronization method thereof in the 
present invention can be applied as a transmission unit of a high efficiency 
5 without a distribution loss, and also applied to an oscillator array for 
performing a microwave power transmission, as in a phased antenna array, 
and a synchronization method thereof. 



